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Studies on the floating body shape to maximize the kinetic energy            
that are intended to be small wave power generator   
Shunya NISHIZAWA*1, Naoki OKADA*1 and Motohiko MURAI*2 
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Hodogaya-ku, Yokohama-shi, Kanagawa, Japan 
In late years, the action for the environmental problem becomes more and more active in the world. The country 
like Japan, being surrounded by the sea, is rich in ocean energy. It is relatively easy to get wave energy among ocean 
renewable energies. The wave power generation device to collect wave energy has been studied in many countries of 
the world including Japan. However, these studies have focused to make or improve the method of power generation 
and have not thought about the motion of the floating body. By working out a floating body which has higher kinetic 
energy than before, it is possible to increase the power generation efficiency of wave power. In this study㸪 we check 
how the center of gravity position and the shape whose affect the motion of the floating body in waves and aim to 
improve the efficiency of the power generation using the piezoelectric element and pendulums. 
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ࡔࡅᅗ♧㸧ࢆ Fig.2࡟♧ࡍ㸬  
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Fig.3 Evaluations of floating bodies defined by trigonometric function㸬 

ࡇࡢ୰࠿ࡽ 3ࡘࡢᾋయᙧ≧㸦"E-A”㸪 ”A-E”㸪 ”E-D”㸧ࢆ㑅ูࡋḟ❶࡛㏙࡭ࡿỈᵴヨ㦂᳨࡛ドࡋࡓ㸬ࡲࡓ㸪ࡇ
ࢀࡽࡢᙧ≧ࢆᨵࡵ࡚ᾋయᙧ≧ 1~3࡜ࡍࡿ㸬㑅ᢥࡋࡓᙧ≧ࡢ RAO㸦Pitch㸧ࢆ Fig.4࡟♧ࡍ㸬ࡇࢀࡽࡢ≉ᚩࢆࡲ࡜ࡵ
ࡿ࡜ḟࡢࡼ࠺࡟࡞ࡿ㸬
ձE-A㸦ᾋయᙧ≧ 1㸧᭱ࡶホ౯ࡀ㧗࠸ᙧ≧ 



















   
Wave gauges㻌
































































Fig.8 Spacifications and picture of the floating body3 (E-D)㸬
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Fig.9 Variety of piezoelectric elements 
 
ᅽ㟁⣲ᏊࡢⓎ㟁㔞ࡣ⣲Ꮚࡢኚᙧ㔞࡜ኚᙧ㏿ᗘ࡟౫Ꮡࡍࡿ㸬ᅽ㟁⣲Ꮚࡣ Fig.9 ࡟♧ࡍࡼ࠺࡞ᅽ㟁ࣂ࢖ࣔࣝࣇࣔࢪ
࣮ࣗࣝࢆ౑⏝ࡋࡓ㸬 ࡇࢀࡣᅽ㟁ࢭ࣑ࣛࢵࢡࡀ FRP ᇶ┙ࡢ୧㠃࡟ࣉࣜࣥࢺࡉࢀ࡚࠾ࡾ㸪୪ิᅇ㊰࡜࡞ࡗ࡚࠸ࡿ㸬
ࡲࡓ㸪ࡇࡢᅽ㟁⣲Ꮚࢆ⏝࠸࡚ Fig.10࡟♧ࡍⓎ㟁᣺Ꮚࢆసᡂࡋࡓ㸬ࡇࡢ᣺Ꮚࡣ㸪㗰⌫ࡀᇶ┙࡟⾪✺ࡋ࡚࠿ࡽḟࡢ⾪
✺ࡲ࡛ࡢ㛫ࡣᇶ┙ࡢᅛ᭷࿘Ἴᩘ࡛᣺ືࡍࡿ㸬ࡇࡢᅛ᭷࿘Ἴᩘࡣ㸪ᇶ┙ࡀᅛ࠸ࡓࡵᾋయ㐠ືࡢᅛ᭷࿘Ἴᩘࡼࡾ㧗࠸
ࡶࡢ࡜࡞ࡿ㸬Ⓨ㟁᣺Ꮚࡣ Fig.12 ࡢࡼ࠺࡟ᾋయ࡟タ⨨ࡍࡿ㸬ࡲࡓ㸪ࢹ࣮ࢱࡢಙ៰ᛶࡢྥୖࡢࡓࡵ 2 ࡘタ⨨ࡍࡿ㸬2
ࡘࡢ᣺Ꮚࡣ༊ูࡢࡓࡵ Fig.12ࡢྑഃࢆ P1㸪ᕥഃࢆ P2࡜ࡍࡿ㸬
 
    












Fig.13 ࡣ Pitchࡢᅛ᭷࿘ᮇ ( 40 LO ) ࡛ືᦂࡍࡿᾋయᙧ≧ 3࡛࠶ࡿ㸬 
 
 
Fig.13 View of the floating body3 in the waves㸬 
 
ヨ㦂࡟࠾ࡅࡿ㔜ᚰ㧗ࡉཬࡧ㔜㔞ศᕸ㸦័ື༙ᚄ㸧࡟ࡘ࠸࡚ Table.2 ࡟♧ࡍ㸬ᙧ≧ࡢ㐪࠸࡟ࡼࡿᛂ⟅ࡢኚ໬ࢆẚ
㍑ࡋࡸࡍࡃࡍࡿࡓࡵ㸪ᾋᚰ㧗ࡉ࡟ᑐࡍࡿ㔜ᚰ㧗ࡉ Gratio࠾ࡼࡧ↓ḟඖ໬ࡋࡓ័ື༙ᚄ cࡀ 3ࡘࡢᾋయࡢ㛫࡛㏆࠸್
࡜࡞ࡿࡼ࠺࡟ㄪ⠇ࡋࡓ㸬 
Fig.14~16࡟ 3ࡘࡢᙧ≧࡟࠾ࡅࡿ RAO (Pitch㸪Heave) 㸪 Fig17࡟఩┦ᕪ (Pitch)ࢆ♧ࡍ㸬ᶓ㍈ࡣἼ㛗ᾋయ㛗ẚ 







































Fig.14 Response Amplitude Operators of the floating body1㸬   Fig.15 Response Amplitude Operators of the floating body2㸬 
 
 




ࡉࢆ 3⟠ᡤ࡟⛣ືࡋ࡚ヨ㦂ࡋࡓ㸬ࡇࡢ࡜ࡁࡢㅖඖࢆ Table.3࡟♧ࡍ㸬ࡇࡢᐇ㦂࡟ࡣ Body1ࢆ⏝࠸ࡓ㸬 
 
Table 3 Principal particulars of the florting bodies㸬 
㻯㼍㼟㼑㻝 㻯㼍㼟㼑㻞 㻯㼍㼟㼑㻟
㻳㼞㼍㼠㼕㼛㻌㼇㻑㼉 㻢㻥 㻢㻣 㻢㻡
㻳㻹㻛㻸㻌㼇㻑㼉 㻝㻣㻚㻢 㻝㻠㻚㻡 㻥㻚㻥
㻳㻹㻌㼇㼏㼙㼉 㻠㻚㻢 㻟㻚㻤 㻞㻚㻢
㼏㻌㻌㼇㻑㼉 㻡㻟 㻢㻝 㻣㻝
κ 㻌㼇㼏㼙㼉 㻝㻠 㻝㻢 㻝㻥  
 
Table.3 ࡟♧ࡍࡼ࠺࡟ Case1 ࡀ᭱ࡶ㔜ᚰࡀపࡃ㸪Case3 ࡀ᭱ࡶ㧗࠸఩⨨࡟࠶ࡿ≧ែ࡛࠶ࡿ㸬ࡲࡓ Fig.18~20 ࡟




Fig.18 Response Amplitude Operators of the Case1㸬         Fig.19 Response Amplitude Operators of the Case2㸬 
 
 




















(3)  ᅽ㟁⣲Ꮚࢆ฼⏝ࡋࡓⓎ㟁ヨ㦂 
ᅽ㟁⣲Ꮚ᣺Ꮚࢆ⏝࠸ࡓⓎ㟁ᐇ㦂⤖ᯝ࠿ࡽ㸪ᮏᾋయࡢⓎ㟁ຠ⋡ࡢホ౯ࢆ⾜࠺㸬ヨ㦂ࡣ Body1Case3 ࡟Ⓨ㟁᣺Ꮚࢆ
஧ࡘタ⨨ࡋ࡚๓㏙ࡢࡼ࠺࡟ 0.70[s]㹼0.85[s]ࡢ⠊ᅖࡢἼ࿘ᮇ࡛Ἴ㧗 1.0[cm]࠾ࡼࡧ 2.0[cm]ࡢධᑕἼࢆ⏝࠸ࡓ㸬 
Body1Case3࡟ࡣࡶ࠺୍ࡘ㐠ືࡢࣆ࣮ࢡࡀᏑᅾࡍࡿࡀ㸪௒ᅇసᡂࡋࡓ᣺ᏊࡢⓎ㟁࡟㐺ࡋࡓ᣺ື࿘ᮇ࡛࡞࠸ࡓࡵ㸪Ⓨ
㟁ࢆ⾜࠺ࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓ㸬
Ⓨ㟁ࡢ⤖ᯝᚓࡽࢀࡓ㟁ᅽࡢ✚ศ್࠿ࡽ㸪༢఩Ἴ㧗㸪༢఩᫬㛫㸦Ἴ㧗 1.0[m] 㸪1.0[s] 㸧࠶ࡓࡾࡢⓎ㟁ᅽࢆ⟬ฟࡍ






Fig.22 magnitude of the voltage                       Fig.23 Comparison with experiment 
ḟ࡟ྛ᣺ᏊࡢἼ㧗ẖࡢ㟁ᅽࡢᖹᆒࢆ⏝࠸࡚㸪ᾋయࡢᛂ⟅᣺ᖜ(PITCH)࡜ࡢẚ㍑ࢆ Fig.23 ࡟♧ࡍ㸬Ἴ㧗ẖࡢ㟁ᅽ






 ḟ࡟㸪ồࡵࡓ㟁ᅽࢆ⏝࠸࡚᭱኱Ⓨ㟁ຠ⋡ࢆồࡵࡿ㸬⏝࠸ࡿ㟁ᅽࡣ௒ᅇࡢヨ㦂࡛᭱኱ࡢⓎ㟁ᅽࢆ♧ࡋࡓ P2 ࡢ
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